• • Early palliative care has been shown to reduce acute care service use at the end of life, but findings are mostly limited to cancer patients receiving hospital-based palliative care interventions. • • Recent studies show that both hospital-and community-based palliative care are associated with improved end-of-life outcomes, but never investigated the association between early versus late palliative care and end-of-life service utilization.
• • Early initiation of palliative care was associated with reduced acute-hospital use in the last 2 weeks of life.
• • Compared to cancer decedents, late palliative care had a notably greater association with increased acute care use in organ failure and frailty decedents.
Introduction
End-of-life discussions and interventions to control advanced symptoms often occur only during the last few weeks of life. This late initiation is often also associated with care that is primarily delivered in hospital settingsthe default place of care when community-based care (i.e. in patient's homes) is not established early and adequately. Palliative care that is earlier on in the course of one's disease-and even concurrently with active treatments-can drastically improve symptom control, reduce distress experienced from standard therapies, [1] [2] [3] and can fulfill the wishes of many patients who prefer home-based care. [4] [5] [6] [7] Consequently, policymakers have made a push toward supporting more patients at home during end-oflife-a widely used administrative indicator of end-of-life quality that also strives to reduce acute-care service use. [8] [9] [10] [11] Past randomized controlled trials have illustrated that early palliative care is associated with better end-of-life outcomes. [12] [13] [14] For instance, a landmark study by Temel et al. 13 demonstrated that early palliative care delivered concurrently with standard oncologic care was associated with improved quality of life, reduced depressive symptoms, longer survival rates, and less aggressive care at the end of life. Although informative, results from these trials were limited to cancer patients who received hospitalbased palliative care interventions. Recent research shows that community-based palliative care may also lead to improvements-such as reduced acute-hospital use and hospital deaths-but never investigated the impact of early versus late palliative care on end-of-life service use and mainly focused on small populations (mostly cancer) receiving care from a particular setting. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Furthermore, a large abundance of existing palliative care research uses late-life acute hospitalizations as an outcome to indicate poor quality care. However, not all hospitalizations are considered inappropriate as some involve a palliative care approach; despite this, most research does not differentiate between those who did and did not receive palliative care in acute settings.
To address these knowledge gaps, we conducted a population-based retrospective cohort study of cancer and non-cancer Ontario decedents to investigate the association between early versus late palliative care and acute-hospital use in the last 2 weeks of life. Our study specifically provides information on acute-hospital use with and without palliative care involvement during the hospitalization. We also report on all other end-of-life services used in a publicly funded healthcare system and assess disease-specific trends (frailty, organ failure, cancer). Our study advances prior work by investigating the association between palliative care (both hospital-and community-based) timing and end-of-life service use, which can inform other countries with similar or different healthcare systems.
Methods

Study design and data sources
We conducted a retrospective cohort study of Ontario decedents aged 18 years or older, capturing all deaths from 1 April 2010 to 31 December 2012. To identify all services used across several health sectors in the last 2 weeks of life (defined as: 1-14 days before death + date of death (day 0)), patient data were linked using multiple administrative databases held at ICES 25 , including the Vital Statistics Database (Office of the Registrar GeneralDeaths), which captured place, cause, and date of death; Registered Persons Database, which captured all demographic information including sex, age, and postal code; Ontario Health Insurance Plan Claims Database, which captured all claims data for physician services in both inpatient and outpatient settings; Home Care Database, capturing publicly funded home care services; Discharge Abstract Database, capturing all acute-care use, including acute care with and without palliative care (identified using a previously derived comprehensive list of palliative care billing codes); 26, 27 National Ambulatory Care Reporting System, which captured all emergency department visits; Continuing Care Reporting System, capturing care provided in long-term care and complex continuing care (i.e. equivalent to subacute care settings); and Statistics Canada Census data, which captured income quintile and rurality via postal codes. 28 Five distinct categories exist for causes of death: terminal illness (e.g. cancer), organ failure (e.g. chronic heart failure), frailty (e.g. Alzheimer's disease), sudden death (e.g. accident), and other; [28] [29] [30] these cohorts have been previously used in Canada. 31, 32 In this study, we refer to these categories as 'disease cohorts'. Decedents were assigned to a disease cohort based on the underlying cause of death code (10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10)-CA diagnosis code) found in the vital statistics records, as defined previously. 31 For clarity, we replaced the label 'terminal illness' with 'cancer' since the majority of individuals in this disease cohort had a cancerrelated death. Decedents in the 'sudden death' and 'other' cohorts were excluded in our analyses due to their small numbers and because of the diminished potential role of palliative care in many cases.
Exposure
The main exposure was time from first palliative care initiation to death from hospital or community, defined as the first instance of any palliative care service captured in the last year of life. We used a previously derived comprehensive list of palliative care billing codes to identify each individual's date of palliative care initiation prior to death. 27 The timing of the exposure was calculated by finding the difference (in days) between an individual's date of death and date of palliative care initiation. We categorized decedents into the following recipient groups, according to initiation time before death: early (⩾60 days), late (⩾15 to <60 days), very late (⩾0 to ⩽14 days), and never (no initiation). Cut-offs for these categories were chosen based on expert opinion consensus and previous literature proposing similar timeframes for defining palliative care receipt. 33, 34 Note that we mainly focus on comparing early versus late recipients and exclude 'very late' recipients from much of our analyses; this was done to avoid confounding issues due to overlap with the outcome period (i.e. it would be unclear if palliative care was initiated prior to or after use of acute care within the last 2 weeks of life).
Outcomes
The primary outcome was use of acute-care and community services during the last 2 weeks of life. We classified these services by care settings. Acute-care settings were composed of (1) 'palliative-acute care', defined as an acute-hospital admission that had palliative involvement, and (2) 'non-palliative-acute care', defined as an acute-hospital admission without any palliative involvement. 27 Other outcomes we examined include subacute care, emergency department, and community-based care (home care, home-based physician visits, and outpatient physician encounters). Within acute-care admissions, all days prior to discharge were counted as a palliative care day (i.e. deemed palliative-acute care) for the entire duration of stay when a decedent had a preadmitting condition listed as palliative care or the most responsible diagnosis for the hospital stay was also palliative, the main service provider was palliative, or palliative care was consulted for the largest portion of their hospital stay. For all remaining palliative-acute-care encounters, only a single day of the hospitalization was counted as a palliative care day (e.g. individuals initially admitted as acute-care patients but later received a palliative diagnosis at some point during their hospital stay). This approach indirectly captures designated palliative care unit beds in acute hospitals and also palliative care services provided when another admitting service was the main provider service.
Statistical analysis
Descriptive statistics were used to compare cohort characteristics between early versus late palliative care recipients. Characteristics include sex, age, income quintile, rurality, chronic diseases, number of comorbidities, place of death, mean and median time to first palliative care initiation before death, and palliative care initiation sector. Multivariable logistic regression analyses were used to predict in the 2 weeks before death: the likelihood of using an acute-care setting and the likelihood of spending >1 week in acute-care settings. We adjusted for the following covariates in the models: sex, age, income quintile, rurality, and number of comorbidities. Ethics approval for this study was received from the Ottawa Hospital Research Institute Ethics Board in Ottawa, Canada. All analyses were conducted using SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA).
Results
We identified 230,921 decedents during the study period, who spent an average of 5.1 days in acute-care settings (of whom 60% had at least one service day in the last 2 weeks of life). Overall, 33% of decedents died from cancer, 31% from organ failure, 29% from frailty, 3% had a sudden death, and 5% from other causes. Almost half (46%) of decedents never received palliative care, and the remaining decedents were split by early palliative care (27%) and late or very late recipients (27%; Table 1 ). The majority of early and late recipients died from cancer (67% and 53%, respectively), while a large portion of very late recipients died from organ failure (40%). Notably, more than half of cancer decedents were early recipients (56%). Overall, 61% of the study population experienced a hospital-based death, and more late recipients (73%) died in hospital compared to early recipients (60%) ( Table 2) .
Palliative care initiations
Early recipients initiated palliative care at a mean time of 210 days prior to death, compared with a mean of 32 days for late recipients (Table 2) . Overall, 45% of early recipients initiated in a community-based setting, which was almost two times greater than the proportion of late recipients (26%). Late recipients had considerably more hospital-based initiations (74%) when compared to early recipients (54%). Disease-specific differences show that organ failure and frailty decedents had the most hospital-based initiations (82% and 73%, respectively), while cancer decedents had the most community-based initiations (44%). 
Place of care utilization trends (among service users)
About 63% of early recipients used an acute-care setting at least once in the last 2 weeks of life (spent 9.2 mean days), compared to 80% of late recipients (spent 11.7 mean days; Table 3 ). Early and late recipients had a similar proportion of non-palliative-acute-care users (26% and 23%, respectively), with similar days of service use (6.4 and 6.8 mean days, respectively). Compared to late recipients, fewer early recipients used palliative-acute care (65% vs 42%) and spent less service days (9.6 vs 12 mean days) in the last 2 weeks of life. In addition, early recipients made more use of community-based care, having almost double the percentage of individuals receiving home-based physician visits compared to late recipients (28% vs 17%).
Multivariable analyses
When examining the odds of using acute-care settings, late recipients from each disease cohort have a higher recipients. An increasing number of comorbidities was also associated with increased odds of using acute-care settings and increased odds of spending >1 week in acute-care settings-especially for those with frailty.
Place of care utilization trajectories
We examined the percentage of patients using hospital-based care on each day within the last 2 weeks of life by disease cohort and by early versus late initiation times ( Figure 1 ). Late palliative care recipients used a consistently high proportion of acute-care services (palliative + nonpalliative) across the entire duration of the last 2 weeks of life (consistently over 50%).
Although early recipients experienced notable increases in acute-care service use as death got closer, the proportion was always well below that of late recipients. These differing trends of acute-care service utilization in early versus late recipients were consistent across all three disease cohorts. Palliative-acute-care accounted for most of the acute-care service use for both early and late recipients.
Discussion
To our knowledge, this is the first study of its kind that uses population-based data from a universal healthcare system to study the association between early versus late palliative care and a rich set of services used at the endof-life by both cancer and non-cancer patients. Our study findings show that early palliative care (as opposed to late palliative care) was associated with improved outcomes near the end of life. In the 2 weeks before death, early recipients had lower odds of using acute care and lower odds of spending >1 week in acute care compared to late recipients. Moreover, we found that early recipients made greater use of community-based services. Many early initiations occurred in a community-based setting, while late initiations occurred mainly in hospital. Early recipients had twice as many community-based deaths and 13% less hospital-based deaths; early recipients were largely receiving out-of-hospital care, such as within the home, while most late recipients remained hospitalized throughout the last 2 weeks of life.
Reducing end-of-life acute-care service use is an indicator of higher quality of care 35 while lowering healthcare costs. 36 Past research has also shown that early palliative care (defined variably, ranging from 1 to 6 months before Table 4 . Multivariate logistic regression: (1) odds of ever using acute-care settings in the last 2 weeks of life, and (2) odds of spending >1 week in acute-care settings in the last 2 weeks of life.
Exposure
Odds of ever using acute-care settings in the last 2 weeks of life 19 Several US cancer studies also highlight the benefits of early palliative care which include less aggressiveness at the end of life, 13 fewer hospital admissions, and reduced hospitalbased deaths. 37, 38 Similarly in Western Australia, earlier community-based palliative care was found to reduce acute-hospital stays, 22 emergency department use, 18 and unplanned hospitalizations. 23 Moreover, a Singapore study found that earlier referrals to hospital-based palliative care was associated with a higher likelihood of dying out of hospital. 39 Several European studies also reach similar conclusions. 15, 40 Frailty and organ failure decedents received a late initiation of palliative care more often than cancer decedents, which was also associated with poorer outcomes in the last 2 weeks of life. We found that frailty and organ failure decedents were three times and four times more likely, respectively, to spend a greater duration of time in acute-care hospitals (compared to their early counterparts). A late initiation similarly influenced cancer decedents, but the association was not as pronounced. Several factors may explain these findings. First, non-cancer patients tend to receive lower quality end-of-life care than cancer patients. 41 Also, the setting of end-of-life care-which is known to be a key driver of diseasespecific disparities 41 -may play a role; our data show that late palliative care provided to organ failure and frailty decedents was initiated mostly in hospital, which may not necessarily be the most appropriate care setting. Noncancer populations also experience greater incongruence between their care preferences and what happens in reality. Differences in trajectory of functional decline and its predictability may also explain our findings; for instance, patients with organ failure experience an end-of-life trajectory marked by acute exacerbations, warranting a greater need for acute-care services. 28, 42 Therefore, earlier identification and increased understanding of patient needs may help improve palliative care provision; accomplishing this requires extensive knowledge of the trajectories of functional decline, existing comorbidities, and the social and environmental circumstances under which care is provided.
Strengths and limitations
Past studies examine recipients of hospital-based palliative care or community-based services, but not both together. A major strength of this study is the inclusion of a population-based sample from Ontario, Canada, where patients rely on a universal health system in which they are provided with concurrent access to hospital and community palliative care services without needing to forego curative treatment. Unlike the United States, where patients are required to forego curative care to be eligible for the Medicare Hospice Benefit at the end of life, we are able to observe palliative care provision in the entire population. Thus, our data are largely generalizable to other high-income countries with similar publicly funded healthcare (i.e. United Kingdom and Australia). Another strength of our study is that we include cancer and non-cancer decedents and a large set of health sectors to observe various services used at the end of life. We also capture officially and unofficially designated palliative beds in acute-care hospitals, allowing us to distinguish palliative-from non-palliative-acutecare use; this information lets us gauge which end-oflife hospitalizations were appropriate or inappropriate and serves as a useful comparator for other countries whose systems may or may not allow for such distinctions to be made.
Our study has several limitations. First, our study does not address the quality of care being delivered, nor do we describe the intensity of palliative care services provided in acute hospitals. Second, residential (i.e. free-standing) hospice facilities were not included as a place of care setting due to the lack of a central hospice database. About 1%-3% of individuals die in hospice annually, though most who do so use services such as home care or palliativeacute care-which is included in our study-before being admitted to a hospice. Moreover, our study only includes home care services that are publicly funded. In addition, relying mainly on physician billing codes might undercount palliative care provision in long-term care (where a large portion of frailty patients reside) as many individuals receive palliative care services from nurses or personal support workers in this setting, which are not billed under publicly funded home care-the latter of which we did capture. Our findings may also be susceptible to indication bias; patients initiating late palliative care are often close to death with more unstable conditions and thus more likely to receive care in acute settings at the end of life. Early palliative care recipients may also have distinct underlying characteristics than late recipients, such as differences in care preferences and disease symptoms (which we could not measure). Moreover, several important factors may play a role in explaining our finding of more aggressive end-of-life care among organ failure and frailty patients. These factors include lack of access to early palliative care 43 and challenges in early identification for a palliative care approach among non-cancer patients. 44, 45 Healthcare providers also seem to experience difficulty in determining the end-of-life stage for non-cancer patients 46 and feel ill-prepared in making end-of-life prognostications due to perceived unpredictability of the disease course. 47, 48 For example, it may be challenging to know when to initiate palliative care for patients with heart failure, who get hospitalized for exacerbations, but later discharged having regained some of their prior physical function.
Conclusion
In conclusion, this study demonstrates that early palliative care is associated with reduced acute-hospital use (with or without palliative involvement) in the last 2 weeks of life. Clear disparities exist in palliative care timing, with organ failure and frailty decedents receiving late palliative care more often than early. These findings suggest that non-cancer populations might reap greater benefits if identified earlier for palliative care, which may also help reduce costly end-of-life acute-care service use. Future research should examine effective interventions that would allow for earlier identification of patients (including cancer and non-cancer) who may benefit from timely palliative care. Differences in the underlying characteristics of early and late palliative care recipients should also be further investigated. results, as well as preparation and approval of the final manuscript.
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